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Introduction
The plant raw materials are the most important source of 
new biologically active substances which potentially have 
different types of pharmacological activities. The most 
high-demand compounds in the medical practice are the 
substances with anti-inflammatory effect. The formula-
tions with Cayenne pepper (Сapsicum anuum L.) have 
been used for a long time as anti-inflammatory drugs of 
plant origin (1). Therapeutic action of Сapsicum anuum 
L. is primarily attributed to the presence of capsaicinoids 
which are the agonists of the transient receptor potential 
for vanilloid (TRPV-1) (2). Nevertheless the use of pepper 
extracts in experimental inflammation enabled to achieve 
effects which could not be explained solely by the action 
of capsaicinoids (3). The other groups of substances con-
tained in pepper and having anti-inflammatory effects 
include antioxidants-carotenoids (4,5), vitamin E and vi-
tamin C (6).
At the alteration inflammation stage the reactive oxygen 
intermediates (super-oxide anion radical, hydrogen per-
oxide, hydroxyl radical, singlet oxygen) ‒ with high oxida-
tion potential are accumulated and consequently may in-
duce high damaging effect on biological membranes. Ca-
rotenoids (Figure 1) have a system of conjugated double 
bonds providing them with a powerful antioxidant effect, 
reducing the oxidative stress that accompanies the inflam-
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Introduction: Carotenoids extracted from dried peppers were evaluated for their anti-
inflammatory activities. 
Methods: Determining the concentration of carotenoids was carried out by spectrophotometry. 
Anti-inflammatory activity was studied on the model adjuvant-induced inflammation. In addition, 
the total number of white blood cells was studied by microscopic method in Gorjaev’s chamber. 
The biochemical parameters of blood - cholinesterase activity and total number of seromucoids in 
blood plasma were determined by the commercial test kits for rapid analysis
Results: Peppers had a substantial carotenoid content: Ukrainian bitter 2076 ± 10 μg/g of sample 
in dry weight basis. The yellow fraction was 69.3%, the red fraction was 30.7%. The linear decrease 
of inflammatory edema in the course of therapeutic use of carotenoid extract ranged from 20% 
to 50%. The application of carotenoid extract reduced levels of activity acetylcholinesterase and 
concentration of seromucoids in serum of rats with adjuvant-induced inflammation. The use of 
carotenoid extract in rats with adjuvant-induced inflammation resulted in reduction of serum 
cholinesterase activity by 1.3 times and double decrease in the serum seromucoid concentration. 
Conclusion: Ukrainian bitter pepper carotenoid extract exhibited good anti-inflammatory 
activity, with inhibited adjuvant-induced oedema formation and progression. The results suggest 
that the carotenoids in dried Ukrainian bitter peppers have significant anti-inflammatory benefits 
and could be useful for pain and inflammation relief. The results of this study allow to recommend 
carotenoid extract for further investigation as active part of anti-inflammatory drugs.
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mation processes (6).
Thus, when using the multicomponent extracts of 
Сapsicum anuum L. as anti-inflammatory agents the syn-
ergistic pharmacological effect shall occur due to the ef-
fect of capsaicin and antioxidant substances on different 
links of the inflammation process (7).
 The aim of this study was to investigate the anti-inflam-
matory activity of the carotenoids extract of Сapsicum 
anuum L. In addition, the total content of carotenoids in 
generated extracts ‒ one of the main parameters which 
determine the suitability of the applied plant material as 
a basis for the production of the pharmaceutical prepara-
tions was defined.
Materials and Methods
The plant raw materials were fresh ripe fruits of Ukrai-
nian Cayenne pepper. For extraction of carotenoids, 25 g 
of finely divided plant raw material (air dried pepper pods 
without seeds and green part) were filled with 500 mL of 
acetone at 5°C for several minutes. The obtained extract 
was filtered under vacuum pump through paper filters No. 
4. The filtrate was transferred to a separator funnel con-
taining petroleum ether (mixture of heptane and hexane 
1:1) and water. Mixing was performed without shaking, 
whereupon the aqueous phase was separated. The remain-
ing mixture was washed with water several times, followed 
by removal of remaining water by means of anhydrous so-
dium sulfate. Further, the solution was stored in a tightly 
sealed container in a dark place at a temperature of 5°C. 
In order to determine the concentrations of carotenoids of 
various fractions, the petroleum ether was distilled off in 
rotary evaporator and the resulting oily residue was dis-
solved in acetone. Then, the absorbance was measured at 
the transmitted light wavelength of 472 and 508 nm.
The concentration of carotenoids of yellow and red frac-
tions was calculated using the following formulas: 
red fraction
21444 508 403,3 472, mcg/mL
270,9
A AC = × − ×
yelow fraction
1724,3 472 2450 508, mcg/mL=
270,9
A AC × − ×
Where: А508 and А472 - absorbance of the solutions for the 
corresponding wavelengths.
The base for the formulation was produced by mixing 10 
parts of paraffinic oil and 1 part of petrolatum. The base 
was supplemented with concentrated extract of the ca-
rotenoids of Cayenne pepper. The final concentration of 
carotenoids in the formulation was two milligrams per 1 
gram of ointment.
Experiments were carried out in young male Wistar rats 
weighing 180-220 g, managed in standard vivarium con-
ditions with free access to food and water. All studies con-
formed to the rules of the “European Convention for the 
Protection of Vertebrate Animals used for Experimental 
and Other Scientific Purposes” (8) and the principles of 
the Ukrainian National Congress on Bioethics (9).
Inflammatory arthritis model was reproduced by admin-
istration of Freund’s complete adjuvant manufactured by 
FIA (the United States) underneath the plantar aponeuro-
sis of the right limb in a volume of 0.1 mL (10).
The animals were divided into control and experimental 
groups by a randomized method, 10 animals per group. 
Treatment was carried out by applying the soft formula-
tion with carotenoid extract to the area of limb inflam-
mation once per day, in 24 hours after administration of 
phlogogen until full recovery. The control group of ani-
mals received treatment in the form of a soft base for the 
formulation without any carotenoid extract.
The effectiveness of the treatment was assessed by change 
in the morphological signs of inflammation - thickness 
and size of limb in the lesion area. The thickness of the 
limbs was measured by electronic caliper YT-7201 manu-
factured by YATO company, Poland, the changes in limb 
size were measured by means of digital Plethysmometer 
37140, UgoBasile (PRC). In addition, the total number of 
white blood cells was studied by microscopic method in 
Gorjaev’s chamber.
The biochemical parameters of blood - cholinesterase ac-
tivity and total number of seromucoids in blood plasma 
were determined by the commercial test kits for rapid 
analysis manufactured by Research and Production En-
terprise “Filicit-Diagnostika” Ltd. (Ukraine).
Results
The total content of carotenoids in the dry pods of Ukrai-
nian Cayenne pepper was 2076 ± 10 µg/L g of plant tissue. 
At the same time the yellow fraction of carotenoids was 
69.3%, and the red fraction 30.7%. Red fraction consist-
ed mainly of capsanthin and yellow one of lutein (both 
fractions were also characterized by a high content of 
β-carotene).
Investigation of the effect of soft formulation, comprising 
carotenoid extract of Cayenne pepper fruits as active in-
gredient, on morphological indicators of adjuvant inflam-
mation process development is shown in Figure 2.
Application of the studied soft formulation with carot-
enoid extract caused positive therapeutic dynamics re-
flected in decreased edema in the area of inflammation. 
Noticeable effect significantly different from the control 
was observed in 2-3 days of treatment. Linear and volu-
metric dimensions of the inflamed area of the limb in the 
experimental group were 20% to 50% lower than the cor-
responding indicators of the control group. On the 10th 
day of treatment, the size of the limb in the inflamed area 
in the treated group of animals was approaching the size 
recorded before the introduction of phlogogen. The func-
 
Figure 1. General formula of carotenoids, where R – various 
substitute.
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tion of the damaged limb was fully recovered. On palpa-
tion the areas of administered phlogogen were painless. 
In contrast, in the control group the lesion area was sig-
nificantly thickened even on the 20th day after phlogogen 
administration. On examination, the redness and pain 
were detected (symptoms that completely absent in the 
experimental group). Thus, one can conclude that carot-
enoid extract of Cayenne pepper has not only antiedemic 
but also complex anti-inflammatory effect. 
Dynamics of changes in quantitative indicators of white 
blood cells after inflammation induction is shown in 
Figure 3. 
After inflammation induction the significant rise in the 
quantity of white blood cells was observed in the first 2 
days of the experiment. The maximum content of white 
blood cells was observed on the second day after the 
phlogogen administration and reached 51 and 55 g/L for 
the experimental and control groups, respectively. Fur-
ther, there was a decrease of white blood cells to about 30 
and 40 g/L, from third to eighth days, and then the re-
growth of their quantity was recorded. In the group treat-
ed with carotenoid extract ointment the quantity of white 
blood cells on 20th day was significantly lower than in 
control group. On 20th day of the inflammatory process, 
the number of white blood cells both in experimental and 
control groups exceeded the corresponding values before 
phlogogen administration by 2 and 2.6 times, respectively. 
Biochemical parameters of blood are both important 
markers of various pathological reactions and indicator 
of dynamics of the disease development. In adjuvant-in-
duced inflammation the indicators of serum cholinester-
ase activity and serum seromucoid concentration are of 
interest (Tables 1 and 2).
Dynamics of changes in the serum seromucoid concentra-
tions were similar to the dynamics of changes in cholines-
terase activity. Maximum values of seromucoid concen-
trations were observed on third day for the experimental 
group (1.44 absorbance units) and on seventh days for 
the control group of animals (1.69 absorbance units). It 
should be noted that on 20th day of treatment the sero-
mucoid serum concentration in the experimental group 
was close to intact values, while in the control group it ex-
ceeded the intact values by more than 2 times.
Discussion
Depending on the color, the quantity of carotenoids con-
tained in the pepper fruits can vary greatly. According to 
data, the least quantity of carotenoids is found in green 
fruits, red fruits are intermediate in terms of quantity of 
carotenoids, and the highest concentration is observed in 
Figure 2. Effect of the formulation with soft carotenoid extract on thickness (A) and volume (B) of limb in adjuvant-induced inflammation 
area.
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yellow fruits (11). At the same time, the color does not de-
pend only on the total carotenoid content, but on percent-
age of different carotenoid fractions. In some cases related 
to the features of growing (low-volume hydroponics), to-
tal increase in carotenoid content can be accompanied by 
a fall in the quantity of yellow-orange component, which 
affects the final color of the fruits (12).
The quantity of carotenoids in Ukrainian Cayenne pep-
per is close by values to the same parameters established 
for chilly varieties (5). In general, we can conclude that 
by phytochemical composition, the fruits of Ukrainian 
Cayenne pepper are suitable source of bioactive com-
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Figure 3. Dynamics of changes in the quantity of white blood cells in treatment of adjuvant-induced inflammation by carotenoid extract 
of Сapsicum anuum L.
Table 1. Serum cholinesterase activity in adjuvant-induced inflammation, 
µmol/s*l
Day of 
inflammation 
Control group Treatment with soft formulation of carotenoid extract
0 28.2 ± 3.6 28.2 ± 3.6
1 83.6 ± 4.3 83.6 ± 4.3
2 129.7 ± 6.7 118.6 ± 7.1
3 138.4 ± 8.1 105.7 ± 11.2*
4 122.9 ± 6.9 92.7 ± 4.1* 
7 120.5 ± 5.8 80.0 ± 9.9*
9 127.4 ± 3.1 87.4 ± 9.3*
10 130.6 ± 2.7 85.2 ± 7.6*
15 111.8 ± 7.3 70.4 ± 10.1*
20 54.9 ± 8.6 35.7 ± 8.4*
* Significant differences from control.
Table 2. The serum seromucoid concentration in treating the non-
specific inflammation in rats, absorbance units
Day of 
inflammation 
Control group Treatment with soft formulation of carotenoid extract
0 0.47 ± 0.08 0.47 ± 0.08
1 0.91 ± 0.1 0.91 ± 0.1
2 1.24 ± 0.18 1.17 ± 0.2
3 1.52 ± 0.14 1.44 ± 0.17
4 1.57 ± 0.21 1.22 ± 0.1*
7 1.69 ± 0.16 1.08 ± 0.22*
9 1.62 ± 0.1 0.82 ± 0.18*
10 1.50 ± 0.12 0.75 ± 0.25*
15 1.33 ± 0.15 0.70 ±  0.11* 
20 1.05 ± 0.1 0.62 ± 0.07*
* Significant differences from control, P < 0.05.
pounds for the subsequent production of pharmaceutical 
preparations.
Pronounced anti-inflammatory effect of carotenoids of 
Cayenne pepper can, in part, be attributed to the effect on 
reactive oxygen intermediates that occur in the course of 
the inflammatory process. Relating to non-enzymatic an-
tioxidant system, the carotenoids are always present in the 
organism providing mainly protection against the dam-
aging effect of singlet oxygen (1О2) and peroxide radicals 
(ROO·). The antioxidant activity of carotenoids is directly 
dependent on the system of conjugated double bonds con-
nected with different end groups. In the course of antioxi-
dant protection provided by carotenoid the physical and 
chemical mechanism of utilization of 1О2 is possible. At 
the same time the carotenoids refer to the one of the most 
effective natural utilizers of the singlet oxygen (13,14). 
Another protection feature of carotenoids is the inhibi-
tion of the Maillard reaction - glycosylation of the amino 
groups of proteins resulting in breach of their functional 
activity (15). Antinociceptive effect is associated with the 
α- and β-carotenes and lycopene (16,17).
Increase in the quantity of white blood cells is one of the 
major systemic reactions to the local inflammatory pro-
cess. At this stage of primary non-specific inflammation 
the area of inflammation is infiltrated with neutrophils 
and macrophages, which is also accompanied by an in-
crease in their quantity in the systemic circulation. In 
case of rheumatoid lesion due to specific autoimmune 
processes, there is a growing population of lymphocytes 
(18). Decrease in the total quantity of white blood cells in 
the course of the treatment demonstrates its effectiveness. 
Nevertheless, the absence of external local manifestations 
of the inflammatory response was not accompanied by 
the restoration of the system indicators such as the level of 
white blood cells. The inflammation development at the 
opposite limb which is sign of autoimmune lesions, typi-
cal for rheumatoid arthritis, has not been fixed. Thus, one 
can assume that the activation of the leukocytic cells in 
the focus of inflammation caused by phlogogen adminis-
tration resulted in continued increase in the level of pro-
inflammatory and inflammatory cytokines, which led to a 
stable increase in the quantity of white blood cells.
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The existence of several forms of cholinesterase (acetyl-
cholinesterase, butyrylcholinesterase, pseudocholinester-
ase) determines the predominant location for each type 
of enzyme. High concentrations of acetylcholinesterase 
are typical for brain, nerve fibers and erythrocytes, bu-
tyrylcholinesterase and pseudocholinesterase are found 
in blood serum, pancreas and liver (19). Therefore, the 
observed increase in cholinesterase activity may be a con-
sequence both of direct breach of the cell integrity in the 
area of inflammation (particularly if skeletal muscle fi-
bers are damaged), and activation of cellular component 
of the inflammatory cascade. In case of interaction of the 
acetylcholine with α-7H-acetylcholine receptors located 
on the surface of blood monocytes, the release of proin-
flammatory cytokines by latter is decreased, the cholin-
ergic anti-inflammatory pathway occurs (20,21). Increase 
in the cholinesterase activity leads to an acceleration of 
acetylcholine utilization and, consequently, increase in in-
flammatory manifestations. In our study, the increase in 
cholinesterase activity correlated well with the intensity of 
the inflammatory response.
Subsequent decreased cholinesterase activity in animals 
treated with the carotenoid extract ointment in compari-
son with control group may be both consequence of de-
crease of alteration process in the inflammation area, and 
decreased systemic inflammatory response.
α1-Acid glycoprotein (seromucoid, orosomucoid) re-
fers to a group of acute-phase proteins. The seromucoid 
level can be increased by several times in the course of 
inflammatory process development, which makes it an ef-
fective biomarker reflecting the development of the acute 
phase of inflammation (22). Seromucoid has a sufficiently 
long period of half-life (unlike C-reactive protein, which 
is 5 days). This enables it to be used as an indicator of 
the effectiveness of the applied treatment (23). The fac-
tors activating the seromucoid synthesis by hepatocytes 
are interleukin-1α (IL-1α) and interleukin-6 (IL-6). The 
observed decrease in serum seromucoid concentration 
in the experimental group can be a consequence of de-
creased level of IL-1α and IL-6. This assumption seems 
logical not only because of the direct influence of above-
mentioned interleukins on the products of seromucoid, 
but also due to the proinflammatory nature of IL-1α and 
IL-6. We suppose that conducted therapeutic effect has led 
to a decrease in the level of IL-1α and IL-6, which in turn 
reduced the symptoms of the acute inflammation phase 
and contributed to decrease in the serum seromucoid 
concentration.
Conclusion
The high content of carotenoids in extract of Capsicum 
anuum L. of Ukrainian Cayenne pepper makes possible 
its use as the base for the production of pharmaceutical 
anti-inflammatory products. The formulations of mixed 
nature containing both carotenoid extract and other an-
tioxidants (vitamin C, E) and capsaicinoid extract are of 
special interest. Based on the received data on the distri-
bution of different fractions of the carotenoids, we can 
recommend the use of yellow fruits due to higher carot-
enoid content in them.
Using of carotenoid extract as a local anti-inflammatory 
agent is capable of substantial decrease in all external 
manifestations of the inflammatory process, thus one can 
give findings on comprehensive anti-inflammatory effect 
of these drugs. The most probable mechanism of anti-
inflammatory activity of carotenoids is their antioxidant 
effect resulting in decrease of alteration action of reactive 
oxygen intermediates in the area of inflammation.
Decreased serum cholinesterase activity and reduced se-
rum seromucoid concentration in the course of inflam-
mation process treatment by carotenoid extract may be 
testimony both of reduced reactions of the secondary le-
sion in the area of inflammation, and the general decrease 
in systemic inflammatory response.
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